not known. Carnation varieties are mainly identified using morphological characteristics. It has been pointed out, however, that phenotypic traits are often influenced by environmental conditions and human judgments. For instance, some standard-and spray-type varieties do not have easily distinguishable flower characteristics due to phenotypic overlaps caused by environmental conditions (Fu et al., 2008; Kimura et al. 2009; Farsi et al., 2013; Wojcik et al. 2013) .
In the last 30 years DNA based molecular marker systems have been found very useful in the studies of plants in terms of their systematic and phylogenetic structure and their breeding, conservation, maintenance, and production Izzatullayeva et al., 2014) . Application of DNA based molecular markers in plant breeding has been the choice of method worldwide. DNA based molecular marker systems are simple, quick, and relatively cheap in comparison to many other methods (Karaca et al., 2004; Balao et al., 2010; Yagi et al., 2012; Wojcik et al., 2013; İnce and Karaca, 2014) .
Random amplified polymorphic DNA (RAPD) (Wojcik et al., 2013) , amplified fragment length polymorphism (AFLP) (Balao et al., 2010) , sequence characterized amplified region (SCAR), inter-simple sequence repeat (ISSR) (Wojcik et al., 2013) , and simple sequence repeat (SSR) (Yagi et al., 2012) systems have been used in Dianthus for different aims such as identification, characterization, diversification, and phylogenetic studies. However, the touchdown direct amplification of minisatellite-region DNA polymerase chain reaction (Td-DAMD-PCR) technique has not yet been applied in the genus Dianthus. Some could argue that there is no need for it in carnations because the other systems have been used successfully. However, previous comparison studies among DNA marker systems have demonstrated that the best results are produced when data from different marker systems are combined (Karaca et al., 2002; Wojcik et al., 2013) . Therefore, new DNA systems are always useful in research.
Minisatellites are tandemly or almost tandemly repeated regions of eukaryotic genomes (Jeffreys et al., 1985) . They show high levels of allelic length variations due to the differences in the number of repeat units. Heath et al. (1993) reported the DAMD technique for direct amplification of minisatellite regions of DNA using a single core primer. It has been speculated that when a portion of a minisatellite is involved in an inversion, a single primer makes PCR possible for the amplification of the minisatellite region (Heath et al., 1993; Ince and Karaca, 2011a) . Conventional DAMD-PCR markers, compared with RAPD markers, are more reproducible and dependable due to their powerful amplification and relatively high PCR firmness . Further studies revealed that using touchdown polymerase reaction conditions can enhance the reproducibility of DAMD-PCR and its utilization rate .
This study was undertaken to identify and assess suitable minisatellite primers to be used in the Td-DAMD-PCR method, to characterize 16 commercial carnation varieties in terms of phylogenetic and spatial relationships, and to investigate whether the Td-DAMD-PCR method can be useful to fingerprint spray and standard type carnation varieties. 
Materials and methods

Plant materials
DNA extraction
Prescreening studies using several RAPD markers indicated that all the seedlings belonging to a particular commercial carnation variety were pure. Thus, bulked samples consisting of 10 individual plant leaves from each variety were used in the DNA extraction studies. Plant genomic DNA samples from bulked leaf samples were extracted according to a protocol described by Karaca et al. (2005) . Some of the DNA samples of plants were further purified according to protocols described by and by Ince et al. (2011) because there was some pigment and protein contamination of the extracted DNA.
Tissues were completely frozen in liquid nitrogen and ground to a powder with a mortar and pestle. Tissues (1 g) were homogenized in a solution consisting of 2.48 mL of extraction solution [0.4 mL of 2 M Tris-HCl, pH 8.0, 0.4 mL of 0.5 M ethylene diamine tetra acetic acid (EDTA), pH 8.0, 1.6 mL of 5 M NaCl, 0.08 mL of Triton-X 100] and 1.52 mL of lysis buffer [5.6% cetyltrimethylammonium bromide, 0.1 mL of β-mercapto ethanol] and incubated at 65 °C for 2 h before being divided in 2 phases by centrifugation. There were 2 chloroform steps (chloroform:isoamyl alcohol 25:24:1 v/v) in the subsequent centrifugations . Following the last chloroform centrifugation, the supernatant was precipitated with NaCl and isopropanol. Following RNase and proteinase K treatments, DNA was again precipitated with potassium acetate (pH 5.5) and ethanol.
All reagents used in DNA extraction and subsequent analyses, including polymerase chain reactions, were molecular biology grade purchased from Amresco (Solon, OH, USA) and Bioron. Concentration, amount, quality, and purity of the extracted DNA samples were determined using a spectrophotometer and agarose gel electrophoresis technique (Ince and Karaca, 2011b Ince and Karaca (2012) .
Td-DAMD-PCR was carried out in a Veriti 96-well thermal cycler (Applied Biosystems, Foster City, CA, USA) with the following cycling profile: 3 min hold at 94 °C, followed by 10 cycles of pre-PCR, consisting of 30 s at 94 °C for denaturing, 30 s at 55 °C for annealing, and 2 min at 72 °C for primer extension reaction. Annealing temperature was reduced by 0.5 °C per cycle during the first 10 cycles. The PCR amplification was then continued for 30 more cycles at a constant 50 °C annealing temperature, and the rest of the pre-PCR cycling parameters were kept unchanged. At the end of the PCRs, the samples were kept for 10 min at 72 °C for the final extension reaction (Ince and Karaca, 2012) .
Agarose gel electrophoresis
Following the completion of Td-PCRs, 5 µL of DNAloading buffer consisting of 0.25% (w/v) bromophenol blue, 0.25% (w/v) xylene cyanol FF, and 40% (w/v) sucrose in sterile water was added to each amplified reaction, and 10 µL-12 µL of these mixtures were loaded in 2% (w/v) high resolution agarose gels (Serva) containing 0.6 µg/mL of ethidium bromide and electrophoresed at 5 V/cm of constant voltage for 8-12 h in the presence of 1X Tris Borate EDTA buffer consisting of 89 mM Tris, 89 mM borate, and 2 mM EDTA (pH 8.3). Following electrophoresis, amplicons were visualized and photographed on a UV transilluminator for further analysis (Ince and Karaca, 2012) .
Data analysis
Each DAMD-PCR marker was scored as present (1) Computing Services, Pentraeth, UK). The PIC value of each primer was calculated according to Rana and Bhat (2004) using the following formula: PIC = 2PiQi, where Pi is the frequency of presence and Qi is the frequency of absence of a particular marker.
Principal coordinate analysis (PCoA) was used to visualize the spatial relationships among commercial varieties using MVSP software. In the PCO axes each carnation variety was represented as a point in space.
Td-DAMD-PCR data were also analyzed in the Bayesian method using the MrBayes v3.2.1 x64 software program to construct a consensus tree. One cold and 3 heated chains were run, starting from a random tree for 10 million Markov chain Monte Carlo (MCMC) generations, with chains sampled every 100th cycle (Ronquist and Huelsenbeck, 2003) . The nucleotide model used was 4 by 4 and the number of substitution type was selected as "1" (F81 model). Binary data were executed using MCMC methods that included random walk Monte Carlo methods algorithms and a 50% majority-rule consensus phylogenetic tree was constructed with the posterior probabilities indicated at the nodes (Ronquist and Huelsenbeck, 2003; Karaca et al., 2013; Ince et al., 2014) .
Results
Assessment of Td-DAMD-PCR primers
A total of 22 DAMD-PCR primers reported in were used, and from these 12 were selected as listed in Table 1 . Although all 22 DAMD-PCR primers produced amplified products within the same PCR set, there were differences in intensity of some markers between DNA templates. In other words, 10 DAMD-PCR primers from 22 were found to be template dependent, producing very sharp or less intense bands in some other carnation varieties. On the other hand, 12 DAMD-PCR primers (Table 1) were selected since they produced similar marker densities across the 16 carnations used in the present study. Selected primer pairs were originally developed from different organisms ranging from human to phage. For instance, primers URP1F, URP2F, URP2R, URP9F, URP13R, URP17R, and URP38F were developed from rice (Oryza sativa L.); 14C2, 6.2H1, 33.6, and YNZ22 were developed from human (Homo sapiens); and primer M13 was developed from the phage M13. The polymorphic information content value of each core minisatellite primer varied from 0.120 to 0.341, with an average of 0.249/primer, indicating that these primers have moderate levels of polymorphism.
Amplification of carnation genomic DNA samples was conducted under relatively high annealing temperature and produced distinct markers amongst the 16 commercial carnations. Representative banding patterns of selected Td-DAMD-PCR primers are shown in Figure 1 . A total of 858 bands were observed across all commercial varieties studied; 570 (66.43%) of these were polymorphic (Table  1 ). The percentage of polymorphic markers produced by each primer ranged from 37.3% to 100%. The number of alleles by each Td-DAMD-PCR primer ranged from 4 to 20, with an average of 8.33. The size of the amplified fragments across the 16 carnations varied from 0.15 kb to 3 kb.
In the present study we determined a total of 17 variety specific Td-DAMD-PCR markers that can easily identify 9 varieties within the 16 carnation cultivars. Primers producing variety specific markers were as follow: Zivago (14C2), Hornet (6.2H1), Consuela (YNZ22, URP13R, and 14C2), Lior (URP9F), Brunello (URP17R, URP17R, and 6.2H1), Delicia (YNZ22), Roble (URP17R, Turbo (URP2F), and Berry (M13, YNZ22, URP2F, 33.6, and 6.2H1). There were no variety specific Td-DAMD-PCR markers for the varieties Messalina, Betsy, Rocio, Carim, Vital, Omaggio, or Karaoke. Although URP38F, URP1F, and URP2R primers produced polymorphic markers among the commercial carnation varieties, none of these products was variety specific. The remaining primers listed in Table 1 produced at least one variety specific marker.
Genetic similarity
The presence or absence of a band was considered a marker and the relationship between 2 varieties was calculated Table 2 , the highest genetic similarity (GS) value of 0.873 was observed between Betsy and Consuela. Both are known as standard type commercial cultivars according to the commercial company that provided the carnations. On the other hand, the lowest genetic similarity value of 0.593 was observed between Berry and Betsy. Berry is a spray type while Betsy is a standard type.
Further studies were undertaken to identify genetic relationships within and between standard and spray type commercial varieties. Within the spray type carnations, Carim and Zivago were the most closely related, while Berry and Hornet were the least related varieties. Within the standard type carnations, Betsy and Consuela were the most closely related, while Roble and Consuela were the least related carnations (Table 2) .
Spatial relationships
PCoA, which is an ordination method similar to principal component analysis, uses the distance matrix (rather than the values) to plot the axes (Manly, 1994) . PCoA was used to determine and reveal spatial relationships among the commercial varieties as well as within and between the spray and the standard types. In the PCoA analysis axes 1 and 2 represented 17.98% and 12.9% of the variation among the commercial carnations, respectively. From the 10 spray type carnations used, 9 were represented with well separated points in space on the left axis, while all 6 standard type carnations were represented with well separated points in the right axis (Figure 2 ). The variety Berry was the most distantly related commercial carnation used in this study.
Within the standard type commercial varieties, Betsy and Consuela showed a close spatial relationship, while Omaggio, Turbo, Delicia, and Roble showed distant spatial relationships. Within the spray type carnations, Brunello, Karaoke, Messalina, Carim, Hornet, and Zivago showed close spatial relationships, while Lior, Vital, and Rocio varieties showed distant spatial relationships (Figure 2) . 
Molecular phylogeny
The 2 most commonly used distance-based methods in cluster analysis are the unweighted group method with arithmetic mean (UPGMA) and the neighbor joining (NJ) method. These methods produced similar trees in our studies (data not shown). However, additional analyses are required in UPGMA and NJ methods to obtain bootstrap values. Since the Bayesian method shows posterior probabilities at the nodes, indicating the reliability of the branches in a phylogenetic tree, it was performed on the 16 commercial carnation varieties in the present study. A phylogenetic consensus tree using the Td-DAMD-PCR data set based on the Bayesian analysis was constructed and the Bayesian posterior probability values, which could be treated as bootstrap values, were shown on the branches of the consensus tree ( Figure 3 ). As shown in Figure 3 , all 16 commercial carnation varieties studied were separated into 2 major groups of spray and standard types. This Bayesian based consensus tree also confirmed that standard type carnation cultivars could be phylogenetically separated from the spray type carnation varieties using the Td-DAMD-PCR markers reported in this study. The number of characters used in the construction of the consensus tree were 1584 (present + absent) on the 16 commercial varieties amplified with the 12 primers. This number is greater than any morphological data used to differentiate varieties. The DAMD-PCR markers based analyses indicated that the standard type varieties Consuela, Betsy, Delicia, Omaggio, Roble, and Turbo were genetically more related and their relatives might have arisen from a common ancestor. This group, called standard type, was supported with a Bayesian posterior probability value of 68.73%. The remaining varieties could not be formed into a single group (Figure 3) . Among the 16 varieties, Berry was separated from the rest of the sample with a Bayesian posterior probability value of 100%.
Discussion
The effectiveness of a molecular marker system is mainly determined by its ability to differentiate variations among lines, varieties, or species. Among DNA marker systems, RAPD and ISSR have found the widest application for DNA fingerprinting and population genetic studies (Fu et al., 2008; Izzatullayeva et al., 2014) since these molecular marker systems are simple, quick, and relatively inexpensive. Their main advantage comes from the fact that their application does not need any prior genomic information about the target sequences of organisms under study. However, these systems have some disadvantages, including PCR artifacts, low level of polymorphism, and repeatability problems. The Td-DAMD-PCR system also does not require information about the target sequences in genomes, but produces more polymorphism with higher reproducibility. In other words, Td-DAMD-PCR techniques possess all the advantages of RAPD and ISSR techniques and are not limited by their disadvantages. This system has been successfully applied to many plant species including Salvia, Origanum, Thymus, Capsicum, and Cynodon, to name a few (Karaca et al., 2002; Ince and Karaca, 2012) . In this study we showed that the Td-DAMD-PCR system was not only suitable for the genetic study of Dianthus but was also useful in the differentiation of commercial carnations with high levels of polymorphism, little or no PCR artifact formation, and a high level of reproducibility.
The amplification reactions of the commercial carnation varieties used touchdown (Td) cycling conditions, which offered a simple and rapid means of PCR optimization, and increased specificity, sensitivity, and efficiency without the need for lengthy optimizations of each core minisatellite primer. The Td-DAMD-PCR markers were obtained at 55 °C annealing temperature, which is a temperature higher than those used in RAPD and ISSR systems. Although RAPD and ISSR systems have been effectively used in Dianthus (Fu et al., 2008; Behroozian et al., 2013; Wojcik et al., 2013; Jarda et al., 2014) , the development of a new DNA marker system is always useful for a crop. For instance, new DNA markers (like Td-DAMD-PCR in carnations) can be useful to support the variety registration system under the seeds and seedlings law based on UPOV (The International Union for the Protection of New Plant Varieties, Switzerland) and for fingerprinting studies.
Genetic relationships within and between species of the genus Dianthus have been analyzed by several DNA marker systems (Vainstein et al., 1991; De Benedetti et al., 2003) , but the information regarding genetic diversity within commercial carnation varieties is very limited. Analyses based on the SSR marker system by Kimura et al. (2009) indicated that carnation varieties could be identified using this marker system. However, Kimura et al. (2009) reported that the SSR markers generated by 13 primer pairs could not separate 41 standard carnation varieties from spray type carnation varieties. The Td-DAMD-PCR marker system reported in the present study successfully differentiated standard and spray type commercial varieties. Such differentiation is important since these 2 groups are the major classes of carnations with economic importance (Tah and Mamgain, 2013) . It is well documented that standard type carnations usually produce larger blooms on longer flower stems, whereas the spray types produce many smaller flowers with weaker stems. Spray carnations grow better at higher temperatures, while standard types perform well in cool climates (Crespi et al., 2007) . Dividing carnations into these groups was one of the most important findings of this study at the molecular level.
Both spatial relationships and phylogenetic groupings of the 16 commercial varieties could not arrange the varieties according to their flower color, which is one of the most important commercial factors in carnations. For this reason, flower color is considered important for assessing the genetic variability of the germplasm using molecular markers (Fu et al., 2008) . Therefore, new marker systems are needed to link the genes responsible for the synthesis of pigments such as carotenoids and flavonoids. Although many carnations do not have carotenoid pigments, carotenoids are known to be responsible for colors ranging from yellow to orange in different plant species. In carnations, cyanidins and pelargonidins, which are water soluble pigments of flavonoids, are responsible for red or magenta color, and orange, pink, or brick red color, respectively. Comparative analyses within different color groups of carnations using Td-DAMD-PCR markers developed in the present study could be very useful to find color linked markers, which in turn could be used in marker assisted selection in carnation breeding and production programs.
Although the number of markers and varieties used were limited, molecular phylogeny based on Td-DAMD-PCR markers indicated that spray type carnations might have evolved from standard type carnations. As shown in the Bayesian consensus tree in Figure 3 , all the standard type of carnations clustered together while the spray types could not be grouped in one clade. Based on the molecular phylogeny analysis of this study, it is possible to claim that the variety Berry is the oldest carnation variety within the 16 commercial carnations. According to Kimura et al. (2009 ), Hosoya (1999 reported that the first spray type variety was a mutant obtained from William Sim in 1952. The findings of our study using Td-DAMD-PCR markers are not in contrast to previous findings indicating that spray type carnations originated from the standard type (Hosoya, 1999; Kimura et al., 2009; Wojcik et al., 2013) .
Development of varieties with higher productivity and more desirable floral characteristics is very important in carnation production. Various agronomical characters such as growth parameters, flowering parameters, flower quality parameters, and yield parameters usually vary from variety to variety. These parameters serve as key traits for carnation variety improvement studies in which plant breeding plays a vital role (Scovel et al., 1998) . Td-DAMD-PCR markers developed in the present study could be used as marker assisted selection (MAS) for these traits in carnation. The MAS then could be used to monitor breeding programs at early stages of plant development without depending on growth conditions.
In conclusion, to the best of our knowledge this is the first report of application of the Td-DAMD-PCR technique in the genus Dianthus. The Td-DAMD-PCR technique could differentiate the spray and standard carnations used in the present study. Further studies are required to confirm the discrimination power of the Td-DAMD-PCR markers between the standard and spray types using a large number of carnation varieties and more markers. Nonetheless, DAMD-PCR markers reported in this study could be very useful in species identification, determination of genetic relationships, and phylogenetic studies of species of Dianthus L.
